Background: Given large number of patients with hypertension attending dental clinics and the profound effects of local anesthetics containing vasoconstrictors, this study aimed to compare the effects of lidocaine 2% + epinephrine, prilocaine 3% + felypressin0.03, and mepivacaine 3% on blood pressure changes.
Introduction
Supplementing local anesthetics with a vasoconstrictor (epinephrine or adrenaline) will promote the success of anesthesia by increasing its depth and duration and facilitating homeostasis (Jastak & Yagield, 1983) . Vasoconstrictors also maintain the anesthetics within the injection site and reduce the risk of their systemic effects (Lioyd-Jones et al., 2010) .
Hypertension is defined as systolic and diastolic blood pressures greater than 140 and 90 mmHg, respectively (Jennings, 2015) . Individuals receiving antihypertensive treatments are also called hypertensive even if they have controlled blood pressure (Lioyd-Jones et al., 2010) . The administration of epinephrine in hypertensive patients is associated with an increased risk (Bader, Bonito, & Shugars, 2002) , as it can elevate the already raised systolic blood pressure and cause acute hypertensive crisis, hypertensive encephalopathy, brain hemorrhage, and acute left ventricular failure (Lioyd-Jones et al., 2010) .
Moreover, since chronic hypertension leads to cardiac hypertrophy and atherosclerosis, epinephrine-induced elevations in blood pressure and heart rate may overload the heart and result in angina pectoris, heart attack, and cardiac arrhythmias (Lioyd-Jones et al., 2010) . Also, the administration of epinephrine in patients receiving non-selective beta-blockers for the treatment of hypertension can result in hypertensive crisis, since the beta-blocker, block the beta 2 adrenergic receptor and prevents the vasodilation activity of epinephrine. The use of epinephrine in hypertensive patients using diuretics and calcium channel blockers can also cause hypokalemia and arrhythmia (Lioyd-Jones et al., 2010) .
Despite controversies over the administration of epinephrine for hypertensive patients in dental clinics (Bader et al., 2002) , a number of researchers have recommended its safety at permissible doses (Torres-Lagares et al., 2012; Silvestre, Salvador-Martinez, Bautista, & Silvestre-Rangil, 2011; Ezmek, Asra, Delibasi, & Sencift, 2010; Elad et al., 2008; Niwa, Sugimura, Satoh, & Tanimoto, 2001 ). On the other hand, even though epinephrine generally contraindicated in ASA III&IV hypertensive patients, and those with blood pressure above 200/115 mmHg (Hupp, Ellis, & Tcker, 2008) , but many dentists try to replace the routine lidocaine-epinephrine combination with alternative anesthetics in the treatment of patients with a history of hypertension.
Lidocaine with epinephrine may be the most common local anesthetic used by dentist. In fact, Lidocaine is regarded as the gold standard (R. J. Vasconcellos, B. C. Vasconcellos, & Genu, 2008) against which all new local anesthetics are assessed. Currently, the prilocaine-felypressin combination and mepivacaine are used as alternatives to lidocaine with epinephrine. However prilocaine has potential to cause methemoglobinemia and increase the risk of paresthesia (Doko et al., 2010) . Mepivacaine, on the other hand is a short acting anesthetic, although there are controversy. (Berberich, Reader, Drum Nusstein, & Beck, 2009; Ding, Zhu, Wu, & Cao, 2008) Uzeda examined systolic and diastolic blood pressure changes in healthy patients and those with controlled blood pressure presenting for dental extraction and receiving local anesthetics with vasoconstrictors. The patients were examined in the waiting room, when entering the surgery room and ten minutes after the injection. Systolic blood pressure was found to be lower in the healthy patients than those with controlled blood pressure during all the time points. Diastolic blood pressure, however, was lower in the healthy patients than those with controlled blood pressure only during the period in the waiting room (Uzeda, Moura, Louro, da Silva, & Calasans-Maia, 2014) .
De Morias examined the effect of lidocaine and articaine as anesthetics on systolic and diastolic blood pressure in patients with controlled blood pressure before, immediately after and five minutes after injection and observed that the type of anesthetics used has no effects on systolic and diastolic blood pressure (de Morias et al., 2012) .
Some authors believe that the dose of epinephrine entering the patient's blood flow through the injection of anesthetics is less than the amount of endogenous epinephrine produced in response to stress and to the pain caused by insufficient anesthetics (Uzeda et al., 2014) . Moreover, the use of anesthetic solutions lacking vasoconstrictors might increase the risk of cardiac diseases due to the potential pain caused by insufficient anesthesia. (Ezmek et al., 2010; Bortoluzzi, Manfro, & Nardi, 2010; Conardo et al., 2007) Lidocaine is one of the most commonly used anesthetics that has good pharmacokinetics and a lower toxicity compared to other amidic anesthetics and is therefore appropriate for use in dental procedures (de Morias et al., 2012) . Although the use of two 1.8 mg cartridges of local anesthetics containing 1:100,000epinephrine in patients with controlled blood pressure and those with mild blood pressure (ASA I, i.e. lower than 159/99) has been reported to be safe (Bader et al., 2002; Chaudhry et al., 2011) , many dentists still avoid the administration of local anesthetics containing vasoconstrictors for patients with high or controlled blood pressure. For this reason, and also due to the inconsistencies in the findings of previous studies, this study aimed to compare changes in blood pressure following the administration of anesthetics containing epinephrine with mepivacaine and prilocaine in patients with controlled hypertension.
Materials and Methods
This clinical trial study was conducted from 21 May 2014 to 10 January 2015, after obtaining the required approval from the Ethics Committee of Zahedan University of Medical Sciences (#6268). The present study was double-blind in design, as both the patients and the person in charge of measuring their blood pressure were unaware of the type of anesthetics used. Given α=0.05 and β=0.09, the study sample size was calculated as 60. The participants were selected from patients with controlled hypertension (systolic blood pressure below 159.94 mmHg) who presented at Zahedan Dental School, for tooth extraction. The patients were enrolled if they required inferior alveolar nerve block and did not suffer from untreated hyperthyroidism or diabetes mellitus, sulfite-sensitive asthma, or sulfite allergy. Pregnant and breast-feeding women as well as patients with cardiovascular diseases, such as unstable angina, myocardial infarction and cerebrovascular accident (in the past six months), uncontrolled cardiac arrhythmia, and decompensated congestive heart failure, were not included. Inform consent was taken from all patients.
A total of 60 patients were selected and allocated to three equal groups with convenience sampling method. Groups 1-3 received Persocaine solution (lidocaine 2% with epinephrine 1/80000; Darupakhsh Pharmaceutical Co, Iran), Dentanest solution (prilocaine 3% with 0.03 units felypressin; Daru Pakhsh Pharmaceutical Co, Iran), Scandinibsa solution (mepivacaine 3%; Inibsa Laboratories, Spain), respectively. Patients were only included if their tooth extraction required two 1.8 ml cartridges (maximum epinephrine dose of 0.04 mg). Patients were asked to sit on the dental chair where they were maintained in a semi-supine position with their left arm parallel to their body and the blood pressure cuff leveled with their heart (for precise measurement). A pulse oximetry device was used to measure and record blood pressure on three times, namely before the injection and after five minutes rest in the dental chair (stage1), immediately after injection of the second cartridge(stage 2), and five minutes after the second injection (stage 3) by a dentistry student under supervision of oral and maxillofacial surgeon. The collected data were analyzed using the analysis of variance (ANOVA) in SPSS 19.0. (SPSS Inc., Chicago, IL, USA) for studying of the local anesthetics effects on systolic and diastolic blood pressure
Results
The participants aged 34-85 years old and had a mean age of 56.6 ± 11.7 years ( Blood pressure analyses showed that the mean systolic blood pressure for all three anesthetics was higher immediately after the injection as compared the other two times .The values before the injection were also higher than those five minutes after the injection.
Accordingly, anesthetic injections generally reduce systolic blood pressure. There were no significant differences between the mean systolic blood pressure of the three groups at any stages (Table2). P obtained from ANOVA At all times, the patients who received mepivacaine had higher mean diastolic blood pressure compared to the other two groups. However, no significant differences in the diastolic blood pressure were observed between the three groups at any stages (Table3). 
Discussion
The combination of lidocaine and epinephrine is currently the most widely used anesthetic in dentistry. Epinephrine is a sympathomimetic catecholamine which is believed to increase (both systolic and diastolic) blood pressure. Research on the effects of epinephrine-containing solutions on blood pressure has reported these solutions to have no particular clinical side effects in healthy people (Conrado et al., 2007; Meral et al., 2005; Degerliyurt & Denizci, 2013; de Morias, de Santanastos, de Costa Araujo, Vajgel, & de Holanda Vascouncellos, 2012; de Morais et al., 2012; Akutsu, Chiba, Takahashi, Shimoda, & Suematsu, 1964) .
Although a large number of patients attending dental clinics have hypertension, few studies have evaluated the effects of vasoconstrictor-containing anesthetics on hypertensive patients. This highlights the need for clinical studies, like the present study, in this field.
According to the statement published by American Dental Association (ADA) and American Heart Association (AHA) in 1964, local anesthetic solutions containing normal concentrations of vasoconstrictors are not contraindicated in cardiovascular patients, if careful monitoring and aspiration is performed during the intended dental procedures (Akutsu et al, 1964) . However, they are not state the maximum dose of vasoconstrictors in the cardiovascular patients and it may still be associated with risks (Abraham-Inpijn, Borgmeijer-Hoelen, & Gortzak, 1998) . Malamed recommended a maximum epinephrine dosage of 0.04 mg/session for severe cardiovascular patients (Malamed, 2008) . Also, we use this dose.
Nevertheless, due to their traditional beliefs, dentists interested that ignored these documented base lines and tend to use alternative anesthetic solutions, as prilocaine-felypressin, for patients named with hypertension. Although felypressin has not systemic effects of epinephrine; it has some cardiovascular effects (Bronzo, Cardoso, Ortega, & Mion, 2012) . Prilocaine has also been found to have a number of side effects including methemoglobinemia (Doko et al., 2010) . Another alternative is mepivacaine, which has not a vasoconstrictor and thus has shorter anesthetic effects probably (Barberich et al., 2009; Ding et al., 2012) .
The criteria that used in various studies for cardiovascular patients were different. Torres-lagares et al were studied hypertensive patients (Torres Lagares et al., 2012) . In conrado et al study, all were heart failure cases. (Conrado et al, 2007 ) Elad et al. (2008 enrolled patients with controlled hypertension, but did not mentioned the presence of others cardiovascular diseases of their participants. The participants in the present study only had controlled hypertension and no other cardiovascular diseases.
In this study, changes caused by epinephrine in the systolic and diastolic blood pressure of the participants were not significantly different from those caused by the other two anesthetics. However an increase in systolic blood pressure was detected immediately after epinephrine injection, attributed such an increase to the stress-induced release of excessive endogenous catecholamine's, as Niwa et al mentioned in their study (Niwa et al., 2001) . In fact, since the epinephrine concentration induced by exogenous resources peaks three-five minutes after the injection, the observed elevation is not a pharmacological effect (Lipp, Dick, Daublander, Fuder, & Stanton Hicks, 1993) . Ezmek et al. (2010) and Torres Lagares et al. (2012) did not report a significant difference between the hemodynamic effects of the three examined anesthetics; moreover, both the present research and the study conducted by Torres-Lagares et al. (2012) indicated the greatest increase in diastolic blood pressure occurred following mepivacaine administration. Further studies are undoubtedly required to confirm this finding. In contrast, Ding et al. (2008) found that lidocaine and mepivacaine to cause significantly different changes in diastolic blood pressure and heart rate. This study same as de Morias assessed patients before, immediately after and five minutes after the injection of the anesthetics (de Morias et al., 2012) . Although examining the long-term effects of local anesthetics on patients with conditions such as arrhythmia is also helpful, the present study did www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 10; 2016 not pursue it due to the patients' lack of cooperation, which may comprise one of the limitations of the study and is recommended to be further examined in future studies.
Conclusion
The three evaluated local anesthetic solutions (lidocaine 2% + epinephrine 1/80000, prilocaine 3% + felypressin 0.03, and mepivacaine 3%), had similar effects in patients with controlled hypertension .While no significant changes in blood pressure were observed in any of the groups, all dental procedures on the mentioned group of patients have to be performed under careful monitoring and aspiration. Moreover, the maximum epinephrine dose (0.04 mg) should never be exceeded in these patients.
